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Abstract

Background Valgus hips with increased antetorsion
present with lack of external rotation and posterior hip pain
that is aggravated with hip extension and external rotation.
This may be the result of posterior femoroacetabular
impingement (FAI).

Questions/purposes We asked whether (1) the range of
motion (ROM); (2) the location of anterior and posterior
bony collision zones; and (3) the prevalence of extraartic-
ular impingement differ between valgus hips with
increased antetorsion compared with normal hips and hips
with idiopathic FAIL

Methods Surface models based on CT scan reconstruc-
tions of 13 valgus hips with increased antetorsion, 22 hips
with FAI, and 27 normal hips were included. Validated
three-dimensional collision detection software was used to
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quantify the simulated hip ROM and the location of
impingement on the acetabular and the femoral sides.
Results Hips with coxa valga and antetorsion showed
decreased extension, external rotation, and adduction,
whereas internal rotation in 90° of flexion was increased.
Impingement zones were more anteroinferior on the femur
and posteroinferior on the acetabular (pelvic) side; and the
zones were more frequently extraarticular, posterior, or to a
lesser degree anterior against the inferior iliac spine. We
found a higher prevalence of extraarticular impingement
for valgus hips with increased antetorsion.

Conclusions Valgus hips with increased antetorsion pre-
dispose to posterior extraarticular FAI and to a lesser
degree anteroinferior spine impingement.

Level of Evidence Level I, prognostic study. See Guidelines
for Authors for a complete description of levels of evidence.

Introduction

Coxa valga is often associated with acetabular dysplasia
[5, 19] and neuromuscular disorders [18] but may also
occur as an isolated entity. Coxa valga can be combined
with excessive femoral antetorsion [6]. Based on our
clinical experience with patients with a valgus hip and high
antetorsion, pain occurs in the buttock and by provocation
in hip extension and external rotation (ER). Increased
antetorsion of the neck is associated with an increased
range of internal rotation (IR) and reciprocal decrease in
ER [1, 4]. A high neck-shaft angle implies a decreased
lateral femoral shaft offset, which theoretically may con-
tribute to decreased range of hip motion, specifically
adduction, IR, and ER [28]. Both an increased neck shaft
angle and femoral antetorsion can result in decreased range
of external rotation. Thus, the question arises whether hips
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with coxa valga and increased antetorsion are at risk for
femoroacetabular impingement (FAI), which may be most
pronounced posteriorly [9].

We therefore addressed the following questions: (1) how
is ROM affected in hips with coxa valga and increased
antetorsion compared with normal hips and hips with FAI,
(2) how does the location of anterior and posterior FAI
zones on the femur/acetabulum in hips with coxa valga and
increased antetorsion differ compared with normal hips and
hips with FAI; (3) does the prevalence of extraarticular
impingement locations differ in hips with coxa valga and
increased antetorsion compared with normal hips and hips
with FAI?

Patients and Methods

We performed a retrospective comparative study of
52 patients (62 hips). Three groups were evaluated: seven
patients with isolated coxa valga and antetorsion (13 hips),
26 normal subjects (27 hips), and 19 patients with FAI
(22 hips; Table 1). All patients with coxa valga and
increased antetorsion were recruited from our outpatient
clinic between January 2005 and April 2011. Inclusion
criteria for hips in the study group were a shaft-neck
angle > 135° [6, 27, 28] and a concomitant femoral ante-
torsion > 25° [27] in the presence of a nondysplastic
acetabulum. Exclusion criteria were a lateral center-edge
(LCE) angle of less than 25° [11] combined with an ace-
tabular index of more than 14° [27] and osteoarthritis
Grade 1 or higher according to Tonnis [26]. Normal hips
and hips with FAI were available from a previous study
[22]. The normal hips were selected from the contralateral
hips of 146 patients undergoing CT-based computer-
assisted THA. Hips with the following features were
excluded: THA or TKA (n = 10), pain (n = 4), previous
hip surgery (n = 3), osteoarthritis Grade 1 or higher
according to Tonnis [26] (n = 40), LCE angle of less than
25° (n = 24), pistol grip deformity [20] (n = 13), coxa
profunda (n = 13), coxa vara or valga (n = 1), acetabular
retroversion [17, 25] (n = 4), protrusio acetabuli (n = 2),
alpha angle [13] of more than 50° (n = 4), and femoral
retrotorsion (n = 1). For the FAI group, the diagnosis was
based on the current recommendations of a positive cor-
relation among symptoms, findings during physical
examination (pain in forced flexion, IR, and adduction),
and radiographic findings [25]. There were 13 hips with a
combined cam-pincer type, six hips with a pure cam type,
and three hips with a pure pincer-type impingement. The
study was approved by the local institutional review board.

With the help of a three-dimensional (3-D) model from
a CT scan of the pelvis and the distal femur [15, 16, 23], we
compared the computed ROM and the individual

impingement zones among the three groups. Based on the
primary research question (ROM, ER in extension), we
performed a power analysis. Given a normal ER in neutral
of 47° [22], a minimal detectable difference of 15° of ER
among the three groups, and an estimated SD of 13° [22],
we calculated a minimal sample size of 12 hips for each
group to provide a level of alpha 0.01 and a beta of 0.10.

A CT scan of the entire pelvis and the distal part of the
femur according to a previously defined protocol [7, 23]
was available for all patients. We then built a 3-D polygon
model of the pelvis and the femur using the Amira
Visualization Toolkit (Visage Imaging Inc, Carlsbad, CA,
USA). The acetabular reference coordinate system was the
anterior pelvic plane, defined by both anterosuperior iliac
spines and the pubic tubercles [24]. The femoral reference
coordinate system was defined by the center of the femoral
head, the knee center, and both femoral condyles [12].
Femoral version was calculated according to Murphy et al.
[12]. Each individual hip was then virtually simulated with
the help of previously described and validated software
[23, 29]. This software uses automatic rim detection [15], a
best-fitting sphere algorithm for identification of the fem-
oral head center [10], and the equidistant method for
motion analysis [16]. The equidistant method was specifi-
cally designed for virtual FAI analysis [16]. Based on a
cadaveric investigation including cartilage, labrum, and
joint capsule, an impingement collision can be detected
with a mean accuracy of 2.6° £ 2.5° [16].

Using this computerized analysis, we calculated the
ROM for the following motions for all three groups: flex-
ion, extension, abduction, adduction, IR, and ER (in neutral
and 90° of flexion). Furthermore, we evaluated two motion
patterns, which correspond to the anterior and the posterior
impingement test. For the anterior impingement test, IR
was studied in 1° increments between 60° and 120° of
flexion and 0° and 20° of adduction. Analogously for the
posterior impingement test, ER was studied in 1° incre-
ments between —5° and 20° of extension and —20° and 20°
of adduction.

The location of the impingement zones was determined
by the distribution of all impingement points for every
possible combination of motion for an individual patient.
The impingement zones were calculated for the anterior
and the posterior impingement tests separately. The
distribution of the impingement zones was calculated using
a clock system with 6 o’clock representing the acetabular
notch on the acetabular side and the femoral axis on the
femoral side. Three o’clock was consistently defined
anteriorly for both right and left hips. In addition, the
location of impingement was further specified as extra-
or intraarticular. Intraarticular locations comprised the
acetabular rim and the lunate surface on the acetabular side
and the femoral head and neck on the femoral side.
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Table 1. Demographic and radiographic data

Parameter Normal FAI Coxa valga p value
Number of hips 27 22 13 -

Age (years) 54 + 11 (31-74) 36 + 10 (17-49)* 30 + 13 (15-50)* < 0.001
Gender (percent male of all hips) 56 68 o+ < 0.001
Side (percent right of all hips) 33 50 54 0.472
Height (cm) 168 £ 10 (158-195) 175 £ 7 (163-188)* 170 £ 7 (161-179) 0.030
Weight (kg) 77 £ 16 (49-115) 80 £ 20 (52-127) 64 + 13 (50-89)* " 0.033
Body mass index 27 + 4 (20-36) 26 + 5 (19-37) 22 4+ 4 (17-28)* " 0.005
Alpha angle (Notzli) 42 £ 5 (34-39) 62 + 12 (40-84)* 52 + 6 (42-61)*" < 0.001
Lateral edge angle (degrees) 32 £ 5 (25-44) 33+ 7 (1742) 31 + 10 (25-44) 0.279
CCD angle (degrees) 130 £ 5 (122-140) 132 £ 7 (121-146) 148 + 9 (135-161)*" < 0.001
Acetabular index (degrees) 6+4(—6to13) 44+ 5(—10to 14.2) 5+5(-3to012) 0.288
Extrusion index (percent) 23 + 5 (12-33) 18 + 7.5 (4-35) 21 £+ 9 (10-34) 0.796
Femoral antetorsion CT (degrees) 21 £ 7 (7-39) 22 £ 8 (0-35) 58 + 17 (33-87)*" < 0.001

Values are expressed as mean = SD with range in parentheses; * significant difference compared with the normal group; Tsigniﬁcant difference

compared with the FAI group; FAI = femoroacetabular impingement.

All other anatomical areas were defined as extraarticular.
For the posterior impingement test, impingement zones
were only recorded if a normal external rotation of 47° in
neutral flexion could not be achieved [22].

We tested the data for normal distribution with the
Kolmogorov-Smirnov test. Because not all the parameters
were normally distributed, we used nonparametric tests for
comparison. To compare demographic and radiographic
data, ROM, or location of impingement among the three
groups, we used a Kruskal-Wallis test; if significant, we
used the Mann-Whitney U test to compare each of the three
combinations of two groups. To compare binominal
demographic data and the prevalence of extraarticular
impingement among the three groups, we used a chi square
test; if significant, we used the Fisher’s exact test to
compare among each of the three combinations of two
groups.

Results

Hips with coxa valga and increased antetorsion had
decreased amplitude for extension, adduction, ER in neu-
tral, and 90° of flexion, and increased amplitude of
abduction, IR in extension, and 90° of flexion (Table 2).
For the anterior impingement test, an increased IR was
observed for valgus hips up to a flexion of 110° (Fig. 1A).
For the posterior impingement test, ER was decreased in
valgus hips for the entire range of extension investigated
(Fig. 1B).

The anterior impingement zones on the acetabulum were
located more anterior compared with normal (p = 0.06)
and more superior compared with the FAI group
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(p = 0.05) (Fig. 2A). The anterior impingement zones on
the femoral side were located more anteroinferiorly com-
pared with normal and FAI hips (p < 0.001 for both
comparisons) (Fig. 2B). The posterior impingement zones
of the acetabulum were located more posteroinferiorly in
comparison to normal and FAI hips (p < 0.001 for both
comparisons) (Fig. 2C). The posterior impingement zones
on the femoral side did not differ between valgus hips in
comparison to normal (p = 0.20) or FAI hips (p = 0.17)
(Fig. 2D).

We found a higher prevalence of extraarticular
impingement on the acetabular and the femoral side for the
anterior impingement test for valgus hips in comparison to
normal and FAI hips (p < 0.001 for all comparisons). The
anterior extraarticular impingements were located on the
inferior iliac spine on the acetabular side and on the greater
trochanter and neck area on the femoral side (Fig. 3A-C).
For the posterior impingement test, a higher prevalence of
extraarticular impingement was found for valgus hips
compared with the normal and FAI groups on the acetab-
ular (p < 0.001 and p = 0.012, respectively) and femoral
sides (p < 0.003 and p = 0.084, respectively). The pos-
terior extraarticular impingements were located on the
ischial tuberosity on the acetabular side (Fig. 3) and on the
lesser and greater trochanter and the intertrochanteric crest
(Fig. 3D-E).

Discussion
In our experience, patients with symptomatic valgus hips

with increased antetorsion typically present with pain in the
buttock and a positive posterior impingement sign. A high
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Table 2. ROM of control and study groups

Parameter Normal FAI Coxa valga et antetorta p value
Flexion (degrees) 125 £ 13 (103-146) 117 £ 14 (86-144) 119 £ 14 (90-140) 0.247
Extension 41 + 8 (28-50) 33 + 13 (19-44) 26 + 23 (—16 to 50)*" < 0.001
Abduction (degrees) 63 + 12 (39-80) 56 + 8 (40-69)* 76 £ 15 (56-96)* " < 0.001
Adduction (degrees) 38 + 10 (13-58) 33 + 9 (21-50) 24 + 17 (—10 to 50)* 0.010
Internal rotation in extension (degrees) 110 + 17 (84-146) 96 £ 20 (56-140)* 134 + 9 (114-140)*" < 0.001
External rotation in extension (degrees) 47 £+ 12 (20-72) 43 £+ 13 (18-68) 22 + 21 (=20 to 42)*‘+ < 0.001
Internal rotation in 90° of flexion (degrec—:s)1E 33 + 9 (13-40) 21 + 15 (-8 to 40)* 59 £ 16 (36—93)*’T < 0.001
External rotation in 90° of flexion 103 £ 13 (74-128) 99 + 19 (45-125) 84 + 15 (50-102)* " 0.011

Values are expressed as mean & SD with range in parentheses; * significant difference compared with the normal group; 'significant difference
compared with the FAI group; *values calculated for hips with a minimum of 90° of flexion only; FAI = femoroacetabular impingement.
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Fig. 1A-B Two graphs showing the anterior and posterior impinge-
ment tests for the three study groups. (A) For the anterior
impingement test, hips with coxa valga and antetorsion showed
increased IR from 60° to 110° of flexion compared with both the
normal (p < 0.001 for all flexion values in this range) and

neck-shaft angle implies a decreased lateral femoral shaft
offset, which theoretically may contribute to decreased
adduction and rotation [28]. The increased antetorsion of
the femoral neck is associated with an increased IR and
reciprocal decreased ER [27]. Thus, the question arises
whether a coxa valga with increased antetorsion puts a hip
at risk for posterior FAI. We therefore asked whether there
are differences between hips with coxa valga and increased
antetorsion and normal and FAI hips regarding (1) ROM,;
(2) location of anterior and posterior impingement; and
(3) prevalence of extraarticular impingement.

There are several limitations to this study. First, our
study focuses on pure geometrical collision detection
between two nondeformable surface models. This method
neither implies information on additional instability or soft
tissue structures nor includes static load transmission
parameters (eg, joint contact pressure). We suspect the
pathomechanism of impingement may rather be additive
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impingement groups (p < 0.001 for all flexion values in this range).
(B) For the posterior impingement test, hips with coxa valga and
antetorsion showed decreased ER for the evaluated range of extension
compared with both the normal (p < 0.001 for all extension values)
and impingement groups (p < 0.001 for all extension values).

than competitive in regard to potential static overloading
[8]. Second, the simulated 3-D CT evaluation only detects
osseous collision but does not take into account soft tissue
restriction to motion. Therefore, ROM may be overesti-
mated. However, posterior intra- and extraarticular osseous
impingement in the study group occurred at substantially
lower degrees of extension, ER, and adduction compared
with the control groups. An additional posterior soft tissue
impingement would further aggravate the conflict and lead
to an underestimation of the real posterior FAI conflict.
Valgus hips with increased antetorsion do have a pre-
dominant extraarticular limitation of extension, ER, and
adduction when compared with normal hips or hips with
idiopathic FAIL. On the other hand, these hips have an
increased range of IR in flexion. These findings reveal a
dynamic difference in hip function that has not been well
addressed in the literature. Most of the biomechanical
studies [3, 8, 14] deal with static overload of the hip to

@ Springer
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Fig. 2A-D The impingement zones for the anterior (A-B) and
posterior (C-D) impingement tests are shown. On the acetabulum, the
impingement zones were located more anterior compared with normal
(p = 0.06) and more superior compared with the FAI group
(p = 0.05). On the femur, the impingement zones were located more
anteroinferiorly compared with normal and FAI hips (p < 0.001 for
both comparisons). We found a higher prevalence of extraarticular
impingement on the acetabular (A) and the femoral sides (B) for the
anterior impingement test in valgus hips when compared with normal

explain dysfunction or potential early osteoarthritis. Our
findings change the focus to a potential underlying
dynamic pathomechanism that would subsequently require
the surgeon to consider static and dynamic abnormalities
when formulating treatment of these hips.

A valgus hip with increased antetorsion predisposes to
posterior predominantly extraarticular impingement (Fig. 3).
The posterior impingement pattern detected by the com-
puted ROM analysis is consistent with the clinical
symptoms and findings [9]. This is consistent with the
observation of Tonnis and Heinecke [27] who showed
overcorrection of a retroverted femoral neck (ie, creating
iatrogenically increased antetorsion) can lead to painful

@ Springer

(p < 0.001) and FAI hips (p < 0.001). The posterior impingement
zones of the acetabulum (C) were located more posteroinferiorly in
comparison with normal (p < 0.001) and FAI hips (p < 0.001). The
posterior impingement zones on the femoral side (D) did not differ
between valgus hips in comparison to normal (p = 0.20) or FAI hips
(p = 0.17). A higher prevalence of extraarticular impingement was
found for valgus hips compared with the normal and FAI groups on
the acetabular (C; p < 0.001) and femoral sides (D; p < 0.003).

restriction of ER. One may speculate that the posterior
impingement could act as a fulcrum. This could lead to an
anterior subluxation potentially resulting in anterior
chondrolabral lesions. This matches our clinical experience
with these patients who often present with an additional
positive anterior FAI test and chondrolabral lesions seen
intraoperatively in the anterior acetabular area. Concomitant
hip dysplasia together with coxa valga and increased
antetorsion would even aggravate the dynamic anterior
instability. Another explanation for these changes in the
anterior acetabular part could be an additional anterior
impingement in deep flexion caused by the valgus neck and
the decreased lateral offset.
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Valgus i

Fig. 3A-E (A) This figure shows representative cases from each
study group (left: normal hip, middle: femoroacetabular impingement
hip, right: valgus hip with increased antetorsion). (B) The simulated
anterior impingement zones of the acetabulum are located in the
anterosuperior quadrant in FAI hips (middle) and more anteroinfe-
riorly in valgus hips with increased antetorsion (right). (C) The
simulated anterior impingement zones of the femur are located more
inferior in the calcar area in valgus hips with increased antetorsion
(right) compared with normal hips (left) and hips with FAI (middle).
(D) The simulated posterior impingement zones of the acetabulum are
located in the posteroinferior quadrant of the acetabulum and
extraarticularly on the ischial tuberosity in valgus hips with increased
antetorsion (right). (E) On the femoral side, the posterior impinge-
ment zone in valgus hips and increased antetorsion (right) are
typically located in the area of the lesser trochanter.

Anterior impingement zones in valgus hips with
increased antetorsion tend to be more frequently extraar-
ticular when compared with normal hips or hips with
idiopathic FAIL The predominant collision zones in patients
with cam, pincer, or mixed types of FAI are at the anter-
osuperior acetabular rim between 12 and 3 o’clock with a
maximum at the 2 o’clock position (Fig. 3B) [2, 21]. In the
current study, valgus hips with increased antetorsion had
predominant intraarticular collision zones within the same
range but an additional 26% exhibited impingement
between the inferior iliac spine and the anterior portion of
the greater trochanter (Fig. 3B). On the femoral side,
predominant impingement was located at 2 o’clock in
patients with idiopathic FAI and at 4 o’clock in normal hips
(Fig. 3C). Valgus hips with increased antetorsion exhibited
a more inferiorly located collision zone at the femoral neck
at 5 o’clock (Fig. 3C). Theoretically, the more inferior
collision zones at the femoral neck in the study indicate a
potential impingement conflict toward the far end range of
flexion. Thereby the more inferior parts of the neck likely
will impinge against the superior rim or inferior iliac spine.
This would be consistent with the rather substantial drop of
the IR capacity in the simulation during the end range of
flexion. In addition, the restricted adduction in the simu-
lation may be the result of decreased femoral shaft offset
compared with the hip center. This result is consistent with
the findings of Tubby [28] who described limitations of
adduction as a cardinal symptom in coxa valga.

In summary, valgus hips with increased antetorsion do
have a distinct aberrant ROM when evaluated by computed
3-D simulated motion analysis. Compared with normal
hips and hips with an idiopathic FAI, coxa valga and
antetorsion do have an increased range for IR during
flexion. On the other hand, ER, extension, and adduction
are restricted, which correspond to the clinical presentation
[9]. The pathomechanism of posterior FAI hips should be
included when evaluating treatment options for valgus hips
with increased antetorsion. The logical surgical treatment
option would therefore be a varus and derotation osteotomy
of the proximal femur.
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